In this paper, the rheological behavior of concentrated yogurt (Labneh) is presented. The rheological behavior of Labneh was measured using a rotational viscometer in a temperature range of 5-55°C. The tested Labneh exhibited shear-thinning and thixotropic behaviors. The power law model expressed as τ = mγ n was found to be the most appropriate for the rheological model of Labneh. The effects of temperature on power law parameters were determined. The parameter (m) significantly decreased with increasing temperature, while the parameter (n) slightly increased with temperature. It was also found that the Weltmann's model described well the relationship between the apparent viscosity of Labneh and the shearing time. The activation energy of flow was nearly constant for all samples tested and not affected by the shear rate.
INTRODUCTION
Concentrated yogurt, also known as Labneh, is an acidified dairy product usually made from cow's milk. It is popular food in various part of the world, especially in Jordan, Syria and Lebanon where it plays a significant role in the component of the family diet (Tamime and Robinson, 1978) . A large proportion of Labneh is produced using mechanical separation and ultrafiltration techniques where the whey is removed and the remaining solids are concentrated to about 23-25% (Salji, 1991; Mihyar et al., 1999) .
Texture of Labneh is an important property that determines the identity and acceptability of the product. It is characterised by smooth and pasty texture with semi solid mass (Mustafa, 1978; Rosenthal et al., 1980; Tamime and Crawford, 1984) .
A major concern facing the Labneh industry is the production and maintenance of a product with optimum consistency, stability and texture properties. Labneh that are currently manufactured is confined to processing practices within locality (Al-Shaikh, 1988 and 1990) . Reliable and accurate steady rheological data are necessary for the design of continuous-flow processes and to evaluate heating rates during different engineering operations.
Little information exists in the literature concerning the rheological behavior of commercial Labneh. Most studies were conducted on the chemical composition and microbiological analysis of Labneh (Tamime and Crawford, 1984; Yamani and Abu-Jaber, 1994; Mihyar et al., 1999) . The established properties for other fermented milk products are not applicable to such product like Labneh. The objective of this study was to determine the rheological behavior of commercial Labneh under the effect of different temperatures.
MATERIALS
The Labneh used for the experiments was manufactured by Maha Co. and Dainsh Dairy Co. (province of Amman, Jordan) and purchased in a supermarket. They are known in this study as samples 1 and 2, respectively. The samples were obtained no more than one day prior to testing. Samples were chosen on the basis of the latest expiration date available, which ranged from 2-3 days beyond the testing date. All containers tested were 200 g in weight.
METHODS

Chemical Analysis
Samples of Labneh were analysed for total solids, fat, ash and pH; details of the methods are given in AOAC (1995) . The chemical analysis of samples tested is shown in Table 1 .
Viscometer
The rheological flow properties of the Labneh were measured with a Haake VT500/MV1 rotational viscometer (Searle type) with a fixed outer cylinder and a rotating measuring bob. The radius of the rotating cylinder was 20.04 mm, the length of the cylinder 60 mm, and the gap width 0.96 mm. For every point on the flow curves a constant shear rate was given. "After the shear-stress signal had attained a constant condition (30 seconds), the values of shear stress and viscosity were recorded. The shear rate was varied from 11.70 -1169 s' 1 . Temperature of the samples during measurement is controlled by pumping water to the jacketed vessel of viscometer.
RESULTS AND DISCUSSION
Important rheological parameters, which describe the behavior of materials like Labneh are the steady shear viscosity and complex modulus. The flow curves of Labneh (Shaker et al., 1999) .
Since the rheological flow behavior for the non-Newtonian materials are most commonly described by a two-parameter power law model of the form: where r the shear stress (Pa), m the consistency coefficient (pa s n ), and n the flow behavior index, and y the shear rate (s' 1 ). Figures 1 and 2 show that the flow curves of Labneh samples can be fitted well by the power-law model. The values of the parameters corresponding to model used are given in Tables 2 and 3. The flow behavior index (n) resulting from the power law model was less than unity, indicating that the Labneh is a pseudoplastic fluid. This was expected since the texture of Labneh, milk product, is influenced by low physical bonds, electrostatic and hydrophobic interactions (Kinsella, 1984) . Most of these forces are weak and can be broken down at energy input rates of flow shear. Data at 5, 15, 25, 35, 45 and 55°C showed that («) was affected by temperature. This influence of temperature on flow behavior index was observed by other investigators for other food products (Vitali et al., 1974; Rao et al., 1981; Steffe, 1986; Son and singh, 1998) . The values of the consistency coefficient (m) of samples tested decreased with increasing temperature. These results are in consistent with the other results of different food materials contain nearly the same percent of total solids like tomato paste (Harper and El Sahrigi, 1965) , milk concentrates (Frenandez-Martin, 1972) or contain significant amounts of fat such as cream (Steffe, 1986) . The effect of temperature on flow curves of samples 1 and 2 is shown in Figures  1 and 2 , respectively. The Arrhenius relationship is generally used to relate temperature to the apparent viscosity (r\):
where A is the pre-exponent factor, R the gas constant, T the absolute temperature (K), and E a the activation energy of flow (kJ/mole). The activation energy of flow and the viscosity constant can be determined by plotting ln(^) versus (1/T). Such a plot for sample 1 at different shear rates is shown in Figure 3 , while Figure 4 shows the same plot for sample 2. The values of activation energy and viscosity constant determined for both samples are given in Table 4 . The results show that the activation energy of samples is nearly the same, which equals to 2l.26±0.62kJ/mole. It was also found that the activation energy of Labneh is independent of shear rate. Therefore, the difference in viscosity between sample 1 and sample 2 is due to the viscosity constant only.
The apparent viscosity of Labneh versus the shearing time at 25°C and at constant shear rate is shown in Figure 5 . Labneh exhibits a thixotropic behavior, where the viscosity decreases with increasing the time of shearing. The Weltmann's model was used to describe the thixotropic behavior of Labneh: Table 5 . The major change in the rheological behavior occurred during the first five minutes of shearing ( Figure 5 ). This clear recovery of the structure allows us to conclude that thixotropic is present. Such thixotropic behavior differs from other thixotropic foods, where the major changes in viscosity occurred in longer time (Barbosa-Conovas et al., 1983; Hough et al., 1988) .
CONCLUSIONS
The concentrated yogurt exhibited thixotropic and shear thinning behavior. The rheological behavior of Labneh was affected by temperature. The power law model was the most appropriate rheological model for Labneh. The flow behvior index («) increased with increasing temperature, while the consistency coefficient (m) decreased with temperature. The Arrhenius equation described well the relationship between the apparent viscosity of Labneh and temperature. The determined activation energy of Labneh was independent of shear rate. The thixotropic behavior of Labneh could be described well by the Weltmann's model.
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